The experiment was conducted to observe the callus induction ability of Brassica species. Plantlets were regenerated from cotyledon and stem explants of Brassica napus, Brassica campestris and Brassica juncea through direct organogenesis. The experiments were conducted in a Completely Randomized Design (CRD) with 4 replications. The highest frequency of callus formation was recorded in MS containing 2.0 mgl -1 BAP, 0.5 mgl -1 NAA and 2.0 mgl -1 AgNO 3 in both stem and cotyledon explants. Among these explants, stem was found to be better responsive in callus induction than cotyledon. Among the genotypes used, BINA Sarisha-4 induced the highest percentage (100.00%) of callus from stem explants which was followed by BINA Sarisha-5 (100.00%) and Sampad (83.35%). On the other hand, BINA Sarisha-4 induced callus from 91.67% cotyledon explants, followed by BINA Sarisha-5 (75.00%) and Sampad (66.67%). Similarly, the highest percentage of shoot regeneration (58.34%) from stem explants of BINA Sarisha-4 was observed in MS medium supplemented with combination of hormone and silver nitrate concentrations. The highest percentage of root induction was 66.67 and 58.33% in plantlets derived from stem and cotyledon explants, respectively in ½ MS medium supplemented with 2.0 mgl -1 IBA and 0.5 mgl -1 of NAA. The highest survival rate was found after acclimatization of plants derived from stem (77.78%) and cotyledon (64.28%) explants of BINA Sarisha-4 in pot and 64.33 and 55.55%, respectively in field.
germplasm of Brassica spp., in vitro breeding is the situation demand in this moment for variety development. On the other hand, conventional breeding is time consuming and labor intensive for performing crossing and selection of desirable genetic trait(s). Moreover, genetic incompatibilities restrict much potentially important gene transformation by interspecies hybridization. An efficient tissue culture system is thought to be crucial to the success of plant genetic engineering. This technique can be used to add desirable trait from wild to existing cultivars within a shorter period. The main advantage of tissue culture technology lies in the production of high quality and uniform plant material that can be multiplied in a year round basis under disease free conditions. Therefore, in vitro techniques are considered to be alternative tools of conventional breeding method for the improvement of Brassica spp. (Biswas, 2008) . So far in vitro techniques for regeneration of Brassica are not exactly established in Bangladesh. Therefore, there is a need of study on the regeneration technique to improve the in vitro breeding of Brassica. To fill up the need the present study was undertaken to study the in vitro regeneration potentiality of four selected Brassica genotypes.
Materials and Methods

Plant materials
Four different varieties of Brassica spp. such as BINA Sarisha-4 and BINA Sarisha-5 of Brassica napus, 'Sampad' of Brassica campestris and 'Shambal' of Brassica juncea were used in this study. The seed materials were collected both from Bangladesh Institute of Nuclear Agriculture (BINA) and Bangladesh Agricultural University (BAU), Mymensingh. Present research activities were conducted at the Tissue Culture Laboratory of the Department of Genetics and Plant Breeding, BAU, during the year 2007-2008.
Culture medium and explants used
Mature seeds of Brassica napus, Brassica juncea and Brassica campestris were surface sterilized in a sequential manner with 70% ethyl alcohol for five minutes, 0.1% HgCl 2 with 1-2 drop Tween-20 for five minutes followed by treatment with sodium hypochlorite (2.5% Chlorine) for five minutes and subsequently rinsed four to five times with sterile distilled water. Sterilized seeds were germinated aseptically on half-strength MS basal medium. MS medium contained inorganic salts of MS medium, vitamins, 20 gml -1 sucrose and 6 gm agarose (Difco-brand Bacto Agar). The pH of all culture medium used in this study was adjusted to 5.8 before autoclaving at 121 o C for 30 minutes. Cotyledons with 1-2 mm petiole and stem segments of 2 to 3 mm in length were cut from four-day old germinated seedlings. Cotyledons were placed upright with cut ends embedded in the culture medium and stem segments were cultured horizontally and pressed down gently into the medium. Four explants were cultured per Petridish. The cultured plates were sealed using micro porous tape and incubated at 22 ± 2°C using 16-hr. day length (2000Lux). Color, nature and abundance of callus were observed visually after three weeks of incubation and graded accordingly. The color graded the marks as 3 for green, 2 for creamy and 1 for yellow color; in case of nature of callus 3 for compact, 2 for friable and 1 for looses in texture and in case of abundance of callus 3 for plenty, 2 for moderate and 1 for poor amount. Callus induction and shoot regeneration from stem segment and cotyledon of four Brassica genotypes were cultured on MS medium supplemented with different concentrations of BAP (1 and 2 mgl 
Statistical analysis
The data collected on different characters were analysis statistically to find out the analyses of variance and means were compared by the Duncan's Multiple Range Test (DMRT). NAA + 2 mgl -1 AgNO 3 showed the lowest performance (Table 1) . Similar result was found by Saha et al. (1997) who reported that callus induction was greatest with 2 mgl -1 BAP + 0.2 mgl -1 NAA. Ratan et al., (2000) also reported that callus induction high in MS media with 2 mgl -1 BAP. This investigation exhibited that both the high and low concentration of BAP and NAA influences callusing performance. 
Results and Discussion
Callus induction from stem explants
Effects of the genotypes
Mean square values for the genotypes were found statistically significant for callus inducing characters like color of callus, nature of callus, abundance of callus and weight of callus indicating significant differences among the genotypes for these characters showed in (Table-4 ). The genotypes BINA Sarisha-4 and BINA Sarisha-5 produced more greenish to creamy color, compact to friable natured callus, which was plenty to moderate in abundance. Sampad and Shambal produced less greenish to creamy color and friable natured callus. The genotype Sampad produced the largest callus in weight (0.400a). The lowest callus in weight (0.222bc) was produced by the genotype Shambal which was also lowest in abundance. (Table 4 ).
Effects the of explants
Mean square values for explants were significant for callus inducing characters like it was found that stem segment produced more greenish colored callus which were plenty to moderate in abundance while cotyledon produced less greenish color and friable natured callus (Table  5 ). Weight of callus was found higher for the explants of stem segment (0.393g) than that of cotyledon (0.214g). So, it may be concluded that between the explants used, stem segment showed the best performance for callus induction as well as subsequent shoot regeneration (Table 9) . Similar results were found by Bhalla and Smith (1998) . (Table 6 ).
Plant regeneration depended on diverse factors including the explants, genotypes, hormonal supplements and so on. MS medium supplemented with various concentrations of BAP and NAA showed variation in regeneration potentiality. It was observed from the present study that use of BAP and NAA in the medium helped in shoot regeneration. This result agreement with the findings of Kunshinov et al. (1999 ) Cao et al., (2003 , Du et al. (2000) , Wang et al. (2000) , Patil and Pillewan (2002) and Sayem (2010) . They reported that for shoot regeneration BAP and NAA was the most effective stimulator. 
Effects of the phytohormones
Mean square values due to phytohormone combinations for number of shoot initiation, percentage of shoot initiation and days to shoot initiation were significant indicating that the presence of variability among the treatment used for this study (Table 7 ). It was found that among the phytohormone combinations, MS+2 mgl -1 BAP+ 0.5 mgl -1 NAA + 2 mgl -1 AgNO 3 treatment showed significantly highest shoot initiation (1.000) followed by MS+2 mgl -1 BAP+ 1 mgl -1 NAA+ 2 mgl -1 AgNO 3 (0.750) and MS+ 1 mgl -1 BAP+ 0.5 mgl -1 NAA +2 mgl -1 AgNO 3 (0.562) ( Table-7 ). This result is similar to the observation of Du et al. (2000) , Tang and Jhou (2001) , Patil and Pillewan (2002) AgNO 3 is the best for shoot initiation and plant regeneration.
Effects of the genotypes
Mean square values due to genotypes for number of shoot initiation, percentage of shoot initiation and days to shoot initiation were significant indicating that the presence of sufficient variability among the genotypes for this characters. It was observed that among the genotypes BINA Sarisha-4 showed the highest number of shoot initiation (0.906) followed by BINA Sarisha-5 (0.812). Percentage was also highest in BINA Sarisha-4 followed by BINA Sarisha-5. Days require for shoot initiation was less (21.750 days) in case of BINA Sarisha-4 indicating best performer which followed by BINA Sarisha-5 (Table-8 ). From the above discussion it can be concluded that among the genotypes BINA Sarisha-4 is the best performer followed by BINA Sarisha-5 (Table 8) . 
Effects of the explants
Mean square values due to explants were significant for all the characters studied in this experiment indicating the presence of variability among the explants for these characters. From the Table-9 it may be concluded that, among the two explants, stem segment was the best for all the characters considered for shoot regeneration. 
Initiation of roots
The highest root initiation percentage was 75.00% in ½ MS + 2.0mgl -1 IBA + 0.5mgl -1 NAA from plants regenerated from stem of the genotype BINA Sarisha-4 followed by the genotypes BINA Sarisha-5, Sampad and Shambal. In the same medium using cotyledon highest percentage (66.67%) of root was also obtained from BINA Sarisha-4 followed by BINA Sarisha-5, Sampad and Shambal but it was lower than using stem. Using both the explants (Stem and cotyledon) the performance of Shambal was the lowest (41.67% and 33.33%, respectively). From the present study it was evident that the medium ½ MS +2.0 mgl -1 IBA + 0.5mgl -1 NAA, the stem explant and the genotype BINA Sarisha-4 are best for root initiation (Table 10) .
Establishment of plantlets
After sufficient development of root system, the small plantlets were taken out from the culture vessels without damaging roots. The plantlets then transplanted in plastic pots having soil: sand: cow dung (1:2:1) in a lath house for proper hardening. After hardening the plantlets were transplanted to the pots from plastic one, the plantlets were subsequently watered with Hoagland's solution. As soon as new leaves started to initiate the plants were watered with ordinary tap water. Gradually the plantlets were adapted to the soil. The survival rate of plantlet from stem and cotyledon in pot as well as in soil was the highest in the genotype BINA Sarisha-4 (77.78% & 64.33% and 64.28% & 55.55%, respectively) followed by BINA respectively) . The survival rate of plantlet from stem and cotyledon in pot was the lowest in the genotypes Shambal (44.44% and 33.33%) ( Table-11 ). Using the same explant the survival rate in the field was the lowest in the genotypes Shambal.
Conclusions
From the above study it can be concluded that stem segment was better than cotyledon in callus formation, shoot regeneration, root initiation and establishment of plantlets in soil. Among the genotypes, BINA Sarisha-4 performed the best in all cases.
